Background and objectives Data are needed to assess safety and efficacy of the 2009 pandemic influenza A H1N1 vaccine in renal patients.
Introduction
A pandemic infection caused by a novel influenza A (H1N1) was initiated in April 2009 (1) . Infection was more common in young persons and more severe in pregnancy and, presumably, in immunosuppressed patients (2) (3) (4) . Immunization was immediately thought to be an important method of controlling the pandemic (5, 6) . The American Society of Transplantation (AST) and the Transplantation Society (TTS) developed a guidance document to manage novel H1N1 in solid organ transplant recipients, published in November 2009 when vaccines became available (7) . Recommendations for immunization of transplant recipients included administration of at least one dose of the novel H1N1 vaccine (in spite of the lack of information on efficacy of this vaccine in this population), the seasonal inactivated influenza vaccine, and an update of pneumococcal vaccine. The proposal of administering at least one dose of the novel vaccine, even as soon as 1 month post transplantation, was based on the presumed risk for this type of population, despite the absence of published data in this specific subgroup. Vajo and collaborators showed that both influenza vaccines could be administered safely (5) .
Although systematic annual vaccination with seasonal influenza vaccine is performed in many transplant centers, efficacy of this vaccine in immunosuppressed patients is still controversial. Some authors have communicated acceptable antibody responses 1 month after vaccination against seasonal H1N1 in a series of renal transplant recipients, but starting from a high seroprotection rate before seasonal vaccination (8) . Seroconversion for seasonal H1N1 in those patients was only 30.3%, compared with 45% in controls, probably due to a high baseline level of protection against seasonal influenza for yearly vaccination. Other studies have shown mediocre results in spite of combining seroprotection and seroconversion concepts. In a recent study on the possible interactions between seasonal influenza vaccine and immune allograft responses, fewer than 10% of renal transplant patients showed seroconversion for seasonal H1N1, compared with 58% of controls (9) . Most of them increased antibody titers without reaching seroconversion. Age, gender, time after transplantation, graft function, and type of immunosuppression had no influence on seroconversion (9) .
We prospectively designed a study to evaluate the efficacy of H1N1 vaccines in renal allograft recipients and chronic renal failure patients on hemodialysis. The main objective was to establish possible predictors of response to 2009 pandemic influenza virus vaccine in this population.
Materials and Methods

Study Population and Vaccine
A total of 142 individuals were included in the study: renal allograft recipients (n ϭ 79), chronic hemodialysis patients (n ϭ 48), and health care workers with normal renal function as controls (n ϭ 15). Patients were on hemodialysis in two units (one in-hospital unit and the other under our supervision), and renal transplant recipients attended our outpatient clinic between November and December 2009. All patients who consented were included. A total of 30 renal patients (16 renal allograft recipients and 14 patients on hemodialysis) refused to be vaccinated but accepted participation in the study as nonvaccinated patients for the new H1N1 antibody detection. Consequently, 63 renal transplant recipients and 34 hemodialysis patients were vaccinated. The 15 healthy controls were vaccinated. The study groups are summarized in Figure 1 .
All vaccinated individuals involved in the study received one dose of a split-virus inactivated vaccine with adjuvants against the H1N1 virus. All healthy controls received one dose of 3. The study was approved by our internal ethics review board. All patients and controls agreed to participate in the study and signed the informed consent form accepted by the internal review board at our hospital for the antibody tests. Demographics as well as laboratory data were obtained from clinical charts.
Sample Sera
Two sample sera were obtained from each individual, once before vaccination and again 8 weeks after vaccination. Samples from nonvaccinated patients were obtained contemporaneously. Sera were stored at -80°C until tests were performed.
Antibody Test: Hemagglutination Inhibition Test
Antibodies (10) . Briefly, antigens for the HI test were prepared in our laboratory following cultivation of the virus strains in MDCK trypsin-treated cells, and the hemagglutination titer in the supernatant from cell cultures was quantified by hemagglutination using 0.75% guinea pig erythrocytes after virus ultraviolet inactivation. The HI test was performed in duplicate using 96-well plates, with sera treated with the trypsin-heat-periodate method, followed by adsorption with guinea pig erythrocytes to remove antierythrocyte agglutinins. Sera were diluted from 1:10 to 1:1280 (25 l), and 4 HA (hemoagglutination) units of virus antigen (25 l) added per well, followed by incubation for 45 minutes at room temperature, the addition of 0.75% guinea pig erythrocytes (50 l), and incubation at room temperature for 60 minutes before reading of results. Seroprotection was considered when individuals showed HI titers were equal to or greater than 1/4. Seroconversion was considered when at least two dilutions increase in serum HI titer between the prevaccinated sample and the postvaccinated sample was observed, that is, four times the initial titer.
Statisticical Analyses
Comparisons of seroconversion rates were made between vaccinated and nonvaccinated patients and between the kidney transplant recipients, hemodialysis patients, and healthy controls. With a 5% type 1 error rate and a power of 90%, 16 renal patients and 16 healthy controls were required to show a difference of 50% in immunogenicity. In a more conservative approach, with a 5% type 1 error rate and a power of 80%, given that the response rate to seasonal vaccination in renal allograft recipients was 46% and the response in the general population was 72% to 96% in the different age groups, the number of transplant patients needed to show significant differences was 60. Calculated sample size for hemodialysis patients (about 35% vaccination response rate) was 40.
Univariate analyses were performed to assess the possible association between seroconversion and demographic, clinical, and analytical factors. Continuous variables are expressed as mean values Ϯ SD or median and interquartile range, and categorical variables as numbers and percentages. The continuous data were analyzed using t test if they were normally distributed or a Wilcoxon rank-sum test if they were not. The categorical data were analyzed using contingency tables and the chi-squared or Fisher test, as appropriate. All of the analyses were two-tailed, and P values of Ͻ0.05 were considered significant.
Results
Study Population
For the analysis, we excluded 19 individuals (eight renal transplant patients, seven on hemodialysis, and four controls) who showed seroprotection against the novel H1N1 in the initial sample (hemagglutination titers Ն1/40).
Response to Vaccination
The global vaccine efficacy rate in the 96 vaccinated individuals was 43.7% (42 of 96 seroconverted, P ϭ 0.007, compared with four of 27 nonvaccinated renal patients). For subgroups, efficacy rate was 41.8% in renal transplant patients (23 of 55, P ϭ 0.039, compared with two of 16 nonvaccinated transplant recipients), 33.3% in hemodialysis patients (10 of 30, P ϭ 0.450, compared with two of 11 nonvaccinated), and 81.8% in healthy controls (Figures 1 and  2) . Healthy controls showed a significantly better response to vaccine than renal transplant patients (P ϭ 0.021) and hemodialysis patients (P ϭ 0.012), but there was not a significant difference between transplant and hemodialysis patients (0 ϭ 0.443).
Factors Influencing Seroconversion
For the whole group, a univariate analysis showed that younger age was associated with seroconversion (53.3 Ϯ 15.3 versus 62.1 Ϯ 15.3 years old, P ϭ 0.006) but not gender, weight, or the administration of the seasonal influenza vaccine. For the transplant subgroup, the univariate analysis showed that time after transplantation (92 Ϯ 87 versus 45 Ϯ 51 months, P ϭ 0.028) was associated with seroconversion. Transplant patients were vaccinated a mean of 63.6 Ϯ 68.8 months after transplantation. Only two of 79 transplant patients were vaccinated in the first 6 months after transplantation and they did not seroconvert. Additionally, 14 patients were vaccinated between 6 and 12 months after transplantation and five of 14 (35.7%) achieved serocoversion.
No influence was found for age, gender, weight, serum creatinine, Modification of Diet in Renal Disease Study Equation for Estimating Glomerular Filtration Rate (MDRD-GFR), proteinuria, serum proteins, albumin, hemoglobin, leukocytes, ferritin, parathyroid hormone, vitamin D or immunosuppression (presence or absence of steroids, tacrolimus or cyclosporine, mycophenolate or whole blood trough tacrolimus, or cyclosporine levels).
In the hemodialysis subgroup, only age was associated with response (55.7 Ϯ 20.8 versus 71.6 Ϯ 10.1 years old, P ϭ 0.042); other specific variables, including dose of dialysis measured as Kt/V or time on dialysis, were not. All data are shown in Table 1 . The analysis of efficacy rates between both vaccines showed a trend toward a significant higher efficacy rate for Pandemrix ® over Focetria ® but did not reach significance in either group of patients (transplant patients, P ϭ 0.107; hemodialysis patients, P ϭ 0.078).
Given that univariate analyses gave very few significant clinical and analytical associations with seroconversion, a multivariate model was not explored.
Safety
Adverse events were recorded: mild ones after asking the patients if they noted any sign or symptom related to vaccination, and severe ones after opening a registry. No severe adverse events were detected or reported throughout the follow-up. Renal function (serum creatinine, GFR, and proteinuria) remained stable throughout the study period in transplant recipients. After 6 months of followup, serum creatinine was stable and no episodes of acute rejection were recorded among the vaccinated transplant recipients. No patients included in the study (either vaccinated or not) developed influenza in the year following vaccination.
Discussion
Although guidelines were not yet available at the peak of the novel influenza A H1N1 2009 pandemic, we administered one dose of the new vaccine to our renal patient population as soon as vaccines were available in Novem-ber 2009. Our protocol was similar to that finally advised by the Transplantation Societies, which recommended vaccination of dialysis and transplant patients with at least one dose of inactivated split virus 2009 H1N1 vaccine or H1N1 vaccine containing adjuvants (7). However, administration of a single dose of adjuvanted vaccine induced a poor response in these patients. Among those renal patients showing a prevaccination titer Ͻ1/40, only 41.8% of transplant recipients and 33% of hemodialysis patients showed a titer Ͼ1/40 over 4 weeks after receiving the vaccine. Despite being a poor response when compared with healthy controls, seroconversion rate in our vaccinated transplant patients was significantly higher than in those who refused vaccination. Unfortunately, the results in vaccinated and nonvaccinated hemodialysis patients were not statistically different.
These results are not very different from those achieved in the past with seasonal influenza vaccine in immunosuppressed patients. Some authors have communicated 92.7% seroprotection against seasonal H1N1 in a series of 165 renal transplant recipients, but starting from a rate of 78.2% seroprotection before seasonal vaccination, compared with 25% baseline seroprotection and 70.7% 1 month after vaccination in 41 healthy volunteers (8) . Seroconversion (defined as a fourfold rise in hemagglutination titer after vaccination) for seasonal H1N1 in those 165 renal transplant patients was only 30.3%, compared with 45% in controls, probably due to a high baseline level of protection against seasonal influenza for yearly vaccination. Other studies have shown mediocre results despite combining seroprotection and seroconversion concepts. In a recent study on the possible interactions between seasonal influenza vaccine and immune allograft responses, Candon and collaborators found that only 9.5% of 66 renal transplant patients showed seroconversion for seasonal H1N1, compared with 57.9% of controls (9) . Most of them had increased antibody titers without reaching seroconversion; age, gender, time after transplantation, graft function, and type of immunosuppression had no influence on seroconversion (9). All data are pre vaccine, except for those marked as post vaccine. Normal variables are expressed as mean Ϯ standard deviation; not normal variables are expressed as median (75th percentile; 25th percentile range). SCV, seroconversion; MDRD GFR, modification of diet in renal disease study equation for estimating glomerular filtration rate; PTH, parathyroid hormone; MPA, mycophenolate.
In our experience, only length of time after transplantation was positively associated with seroconversion in transplant recipients. Seroconversion was observed in patients with a functioning graft after a mean of 8 years, whereas those without adequate vaccine response had a graft functioning for a mean of 4 years. A recent report showed that shorter time after transplantation decreased the immune response to seasonal influenza vaccine (11) . In this report, use of MMF was also associated with decreased response; as most of our transplant recipients were on MMF, we could not test for this difference. However, heavy immunosuppression, mostly based on tacrolimus and MMF, may explain our low seroconversion rate. Younger age at vaccination was the only factor associated with seroconversion among hemodialysis patients.
Our control group showed a seroconversion rate of 81.8% after only one dose of vaccine. This is in agreement with the results reported in the general population. A single dose of an inactivated split influenza A (H1N1) 2009 vaccine induced an HI assay titer of 1:40 or more in nearly all 18-to 64-year-old volunteers (12, 13) . Similarly, a multicentered, double-blind, randomized trial in subjects receiving a single dose of a split virion A (H1N1) 2009 vaccine in China showed that potentially protective serologic titers were detected on Day 21 in 89.5% of 18-to 60-year-old adults and in 80.3% of adults older than 60 years (6) . The fact that it is possible to induce potentially protective antibody levels against A (H1N1) infection in adults within 2 weeks of administration of a single dose of vaccine has now been confirmed with every pandemic H1N1 vaccine tested (5, 14, 15) .
Most of the global pandemic influenza strategies are usually based on previous work showing that at least two doses of a pandemic vaccine would be needed to elicit a protective immune response in populations who are immunologically naive to a new strain (5) . Nevertheless, publications on the immunogenicity of 2009 pandemic influenza A H1N1 vaccines showed that only children under 12 years of age needed two doses of any of the new vaccines for H1N1 2009 influenza A for adequate protection (14) . Such an assessment has not been performed for other population subgroups. In our experience reported in this study, recently transplanted patients and older patients on hemodialysis are two special populations that probably need at least two doses of vaccine to seroconvert. Nevertheless, when such an approach has been used in hemodialysis, no improvement was observed in seroconversion rates over seasonal influenza vaccine (16) .
In agreement with other experience in dialysis patients (17) , minor side effects were reported by most vaccinated individuals, but there were no serious adverse events. Although the augmentation of cellular alloimmunity in transplant recipients after influenza vaccination is well described (18), we did not detect any effect on graft function after vaccination in our patients.
Our study has important limitations. The number of patients and controls is low; nonetheless, the results are quite consistent with those reported for seasonal influenza vaccination in previous studies. We used two different vaccines in our patient population. Since we did not see a clear significant difference in antibody response between either vaccine in each group of patients and the existing literature shows very similar efficacy and behavior, we decided to combine the results of both vaccination populations to strengthen the analysis (19) . Interestingly, Pandemrix ® showed a trend toward a significantly higher efficacy rate in transplant and dialysis patients compared with Focetria ® , suggesting that studies including a greater number of renal patients may indicate that this specific vaccine may be more successful in our population. In addition, we decided to exclude individuals who showed seroprotection in the initial sample (antibodies against the H1N1 new virus Ͼ1:40), as the level of baseline seroprotection has been thought to impact response to seasonal influenza vaccine in previous studies (9) . The 2009 H1N1 vaccine was marketed in Spain once the pandemic, in mid-winter, had already spread across the country. Individuals were vaccinated while not knowing their serologic status. Initial seroprotection can therefore be attributed to previous or contemporaneous asymptomatic new influenza A disease, which may make the interpretation of the level of the postvaccine antibody and consequently vaccine efficacy quite difficult. Only five of our 19 initially seroprotected patients showed increase in titers, four of them 1 month after vaccination and only one fulfilling seroconversion criteria. As this is the first published study on the efficacy of the influenza A H1N1 2009 vaccine in these patients, we have decided to analyze it in the "purest way."
In conclusion, the novel influenza A 2009 H1N1 vaccine proved to be safe in renal patients, even though the administration of a single dose of adjuvanted vaccine induced a poor response. Although the WHO declared an end to the 2009 influenza A (H1N1) pandemic, influenza A H1N1 was recommended for inclusion in the 2010 trivalent influenza vaccine. Another wave of infection occurred during the 2010 to 2011 influenza season, and severity in transplant population appears to be similar to the 2009 pandemic (3, 4) . The response to the vaccine is suboptimal in renal patients, a population that remains uniquely susceptible to the disease in annual outbreaks.
Large-scale vaccination among renal patients is needed each year, including new virus strains and seasonal ones, probably using at least two doses and routinely assessing seroprotection.
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